biophysical tools to improve crystallisation
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biophysics

+ biophysics?

» characterisation and screening to optimize protein stability and homogeneity

* methods at SGC Stockholm
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characterisation starts during purification

nice symmetric peak

continue as usual

single non-symmetric peak
continue as usual

desired protein in several separated peaks

continue with the lowest mol weight peak
(unless other knowledge about multimeric
state)
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4: additional humps originate
from contaminating proteins
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gel filtration elution profiles

All structure giving proteins so far from GF profile : majority: @ J
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gel filtration elution profiles for SGC Stockholm's first structure determined proteins:
single symmetric peaks, eluted at expected retention volume.
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poster from JCSG at ICSG Beijing 2006

solved
SEC score structures
(total 118)
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characterisation of all batches

« SDS-PAGE- purity and chemical homogeneity
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» contaminating proteins
+ size heterogeneities

« follow up: re-purification
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characterisation of all batches

*Mass spectrometry- chemical homogeneity
«verify the identity
«chemical homogeneity
einvestigate Sel-Met incorporation etc

eperformed at KTH

(Gustav Sundqvist and Harry Brumer, School of
Biotechnology)

*March -07: |
1220 samples e
940 correct
190 not correct
90 no result

«follow up: e.g. sequencing
2% Ny,
-~ .

S Slss
! P 5

g 8

mass spectrometry
detected features:

* point mutations
» usually in primer regions

» construct/sample mix-ups

-28 Da
* bound detergent molecules
* arg-lys substitutions
» differential usage of codons in humans and E. coli -2 x28 Da

» E. coli might incorporate a lysine (AAA) if there is a
lack of correct arg-tRNA.

follow up : express the protein in E.coli strain with extra
supply of tRNAs for the rare codons -3 x28 Da




mass spectrometry

another detected feature: HO-CH,-[CHOH],-CO-NH-R

4753 Saas

* His tag modification
* a-N-gluconoylation

+ degree of modification dependent
on the His tag sequence used:

+ frequent in MGSSHHHHHH...
- not so frequent in MHHHHHH......
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Geoghegan et al, Analytical Biochemistry 267 169-184 1999

mass spectrometry

co-purifying proteins from the IMAC step:
we see SlyD and GroEL regularly

Tatile 1
Mative proteims from £, coli commanly co-parified during IMAC

Pratein SwismiProt access code Malecular Mass (kDa) % Histidine residues Isaclectric paim @) Metal requirement
Fur POS9TS 167 51 56 Fe’, Za
YodA PR63a4 223 52 56 cd*, Zn™" ™
Cu-Za-500M AACTATIE 174 40 59 cu™* ™, zn?®
AmgE PZ390E 423 48 55 Fe'’, Nt
VadF PI5EST 250 55 &1 I, Hg™ B
Glgh PR32 517 34 &l Mg e
Gims PI17169 66 39 55
CAT AAASTORD 255 55 59 Ca™*
Cp et} 236 29 &3
Hiy P25521 111 49 69

—» 5D PIIESS 20850 Da 208 102 48 Fi*, N
515 2371 102 5A 104
YinG kel 742 41 63

—> Hapéd AACTTIE 57195 Da 5740 0z 4%
apol PaTa15 105 iA &0
[l vl FOTal6 440 17 55
G&PD P29 557 12 55
The il res the physi cal groperties af these proteins.

mhy
* Metal irms reporied to be present in the cryskllimtion soltion.
" As seen in the structwre of it human comnterpart (PDB: 1CRM).
© Ohserved in it hunen coumerpaz (POR 1PYX).
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troubleshooting:

always consider other constructs!

* not purified, precipitating * no or non low diffracting crystals
chaperone co-expression » decrease dynamics, reduce surface
«  (/3/39 structures —mar 07) entropy
additional purification steps + ligand induced stabilisation m
\
* His tag removal 3 + remove dynamic regions
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« stabilisation by buffer eXChange . reduction of surface dynamics
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our screening method: thermofluor
thermal shift assays
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Temperature —
: SyproOrange fluoresce in low dielectric media (=non-polar environments
such as the interior of an unfolding protein or molten globule)
Mgy =490 A, =575nm
SEA Iy A
N )}A g
§§ 'igu;.-g other environmental sensitive dyes: %
Ll 1,8-ANS, 2,6-ANS, 2,6-TNS, Dapoxyl family SGC/ U
Moo (8% Structiral Genomis

Pantoliano et al, Journal of Biomolecular Screening,2001;429-440




thermal shift assays

+ Performed in a RT-PCR instrument:
* 96 samples in ~1.5 hours, different buffers, ligands etc
» ~5 g of protein/well, ~500ug /96 well plate
» measure fluorescence as a function of temperature in each well
« fit each curve using a sigmoidal function
+ extract Tm, transition temperature
* ATm -comparison between different conditions
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energetics of ligand induced conformational stabilisation

molten globule

melted protein
native protein Energy 4 '6% /}\ \
Li:\,(\ U unfolded protein
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/ l intermediate states
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native protein

with ligand bound \
Ligand binding energy
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(Pantoliano et al, Journal of Biomolecular Screening,2001;429-440)




buffer screen

the FERM domain of EPB41L3 refused concentration

gelfiltration buffer

48 conditions: buffers, pH,

salt, osmolytes, detergents

addition of 0.5 M betain enabled
concentration and crystallisation
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S 2  EPB41L3 (DAL-1)
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knowledge based ligand screen

~20 combinations of amino acids,

suggested involvement of nucleotides and ions

an amino acid metabolic enzyme refused concentration, a literature search
ions, ATP, ADP

addition of ATP and Mn2*
enabled concentration
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bad examples:

* non-productive experiments
due to:

* interpretation not always clear

* aggregated states where the
probe intercalates

» hydrophobic pocket where the
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probe binds s % % % e w % w
* ugly curves by well behaving
proteins:
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remove dynamic regions
His tag removal limited proteolysis
£
«facilitate concentration and «analytical tool
crystallisation
TEV protease
%‘
MHHHHHHSSGVDLGTENLYFQS'M....
*Nov -06
~1/3 of mounted crystals have .
had the tag removed *preparative tool
eidentify domain borders,
«March-07 ere-engineer construct
deposited structures 39 [#8 0 5 10 20 40 eom
tag removed 8 E
His tag in crystal cont. etc 3
= construct identified via MS,
S e e s . (Cloned, soluble protein in small
A I S e — = = = sCale expression screening
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reduction of surface dynamics

reductive methylation

«di-methylation of all accessible lysine
side chains and the N-terminal amino

group

«first attempt:

&

*Nov -06:

totally 9 proteins, no additional
crystals, trying different protocols to
minimise precipitation problems
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*poster from JCSG at ICSG:
*411 proteins tested, 5 new structures,
/ ::-5% ( but said 7% in talk)

surface mutagenisis

sreduce surface entropy by mutation of
charged residues to more hydrophobic

*web tool http://nihserver.mbi.ucla.edu/SER/
propose mutation candidates that are
most likely to enhance crystallisability

*March -07
waiting for first set mutants
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biophysics at SGC Stockholm
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